novel general biophysical model for simulating episodic endocrine gland signaling. Am. J. Physiol. 255 (Endocrinol. Metab. 18): E749-E759, 1988.-A multiple-parameter convolution integral is used to define and generate waveforms that quantitatively and qualitatively resemble the experimentally observed behavior of episodic endocrine signals. Our formulation of the convolution integral in terms of multiple distinct parameters with statistically bounded values allows investigators to quantitatively model variations in the duration, amplitude, frequency, and/or contour of the hormone secretory pulse, as well as alterations in rates of endogenous hormone clearance. Here we demonstrate the applicability of this new concept of endocrine gland signaling to experimentally observed (physiological) endocrine data, parameter sensitivity analysis, the evaluation of statistical errors in hormone peak detection, and the estimation of random-pulse coincidence rates between two independent endocrine series.
Specifying the convolution integral. To create profiles simultaneous secretion and clearance, a model of of hormone release and elimination was postulated as described by the following convolution integral s t C(t) --S(z) E(t-x) dz (I) 0 where C(t) is the concentration of hormone in the serum at a ny instant in time, t; S(z) is the impulse function, or the amount 0 f hormone secreted per unit distribution volume per unit time evaluated at time z; and E(t-z) is the impulse-response function, the integral of which hormone release; secretion; clearance; pulsatile; deconvolution gives the amount of hormone elimination (clearance) that occurs in the time interval (t-z) .
The impulse function, S(z), which denotes the secre-VIRTUALLY ALL ENDOCRINE GLANDS exhibit an episodic rather than invariant pattern of hormone secretion (4, 6, 13) . The resultant pulsatile mode of agonist delivery is believed to convey important physiological information to target cells. However, because of the apparently stochastic nature of hormone secretory events and the confounding influence of ongoing metabolic clearance in vivo, episodic fluctuations in plasma hormone concentrations have been difficult to model precisely (5). Moreover, because features of neuroendocrine pulse signaling vary significantly under different pathophysiological conditions (1, 5, 6, 13) , investigators must allow for both random and systematic variations in individual secretory and clearance parameters.
tory rate as a function of time, was assumed to consist of a finite series of secretory pulses with non-zero positive amplitudes, which occurred at various times throughout the sampling interval (7) . Although various distributions can be considered, in its simplest form a secretory pulse was defined as a random (Gaussian) distribution of inthe stantaneous molecular secretory rates. Accordingly, mathematical form of S(z) can be given as S(Z) = i Ai exp l/2 i=l [-(Fy] (2)
In the present work, we offer a new general biophysical model of physiological hormone pulsatility in which episodic bursts of endocrine glandular secretion are convolved with mono-or biexponential clearance mechanisms. The resultant combined secretion and clearance profiles are superimposed on systematic base-line trends and/or perturbed by random experimental variance. Here, we present the mathematical form for this synthetic model and illustrate its applicability to the study of pulsatile hormone release.
where Ai is the amplitude of the ith secretory pulse (mass of hormone released per unit distribution volume per unit time); PPi is the ith secretory peak (pulse) position in time; z is an instant in time; i is the peak number in the series of n peaks; and SD is the standard deviation of the random (Gaussian) distribution of instantaneous molecular secretion rates comprising a pulse. The pulse half-duration (or half-width) equals 2.354 times this SD. The E( t-z) term can be described reasonably by either a one-component nation (HL) model with a single half-life of elimi-E(t-z) = e -[0.693 (t- or by a two-component model with two half-lives (HL1 and HL2) and a fraction (f) that describes their relative contributions
In the above formulation, we assume that the distribution volume(s) and rate constant(s) of transfer in any one subject are invariant during the particular interval of sampling and observation. This basic model can be expanded to include non-Gaussian distributions, multiple pulse generators, and/or more than two disappearance rate constants, if indicated by physiological or other experimental observations (7) .
To test the multiple-parameter convolution integral on an experimentally observed hormone-concentration time series comprising n samples, an equation containing the convolution integral is written to define the measured hormone concentration in the ith sample in relation to all prior secretion and clearance events. This results in a family of n simultaneous integral equations, containing the multiple parameters of secretion (amplitude, temporal location, and duration of all secretory bursts) and clearance (mono-or multiexponential rate constants). Equations are solved by numerical integration (7) . Parameter estimates are obtained by nonlinear leastsquares iterative curve fitting, in which the calculated reconvolution fit for any given set of parameter values is compared with the observed data. Analysis of parameter cross-correlation matrices revealed that parameters were virtually orthogonal, which permitted the effective use of nonlinear least-squares techniques (2, 3). Thus convergent estimates of mean parameter values are obtained. Convergence is assumed when both the fitted variance (weighted sum of squares of differences between the calculated reconvolution curve and the observed data) and the mean parameter values change by less than one part in 105. After nonlinear least-squares parameter estimation, the support plane procedure is used to determine asymmetric joint confidence intervals for all parameters (3, 4). Only parameters whose values are significantly different from zero, i.e., whose 95% confidence limits do not include zero, are considered of interest.
Simulating conjoint secretion and clearance profiles.
Numerical integration of the convolution integral (Eq. 1) is undertaken by an adaptive, nine-point, NewtonCotes numerical quadrature integration subroutine (7) . Solution of the convolution integral for any given set of secretory and clearance parameters yields a reconvolution curve, which is algebraically specified by the following independent parameters for each time-series: base (starting hormone concentration at time 0); standard deviations of all individual secretory pulses; temporal positions and amplitudes of all secretory pulses; and single-or dual-component disappearance rate constants with their relative amplitudes. The selection of various individual model parameters is described further below.
Selection of secretion and clearance parameters. The mean intersecretory pulse interval can be designated for randomly dispersed (Gaussian or Poisson distributions) or regularly occurring peaks. For random-Gaussian spaced secretory bursts, the stochastic process is defined by a mean and coefficient of variation about the mean. For a Poisson distribution, the standard deviation can be derived from knowledge of the mean. Other parameter values specified by the experimenter include a mean halfduration of secretory bursts (and a corresponding coefficient of variation for this mean half-duration); a mean secretory pulse amplitude (and its coefficient of variation); and mean elimination half-times for first-and second-component clearance functions (and their corresponding coefficients of variation) with a designation of the percent contribution of each component to the total amplitude. These quantitative features of the secretory and clearance functions are then used to build the conjoint secretion and clearance profiles, which represent curves calculated by numerical integration of the multiple-parameter convolution integral (Eq. 1 above).
Building a Base Line
The presence of systematic ("tonic") trends or drift within the data can be represented by a sinusoidal function or by a polynomial function of some chosen order, e.g., a cubic polynomial Random experimental variance (noise) is generated as described previously (7) about a mean value of zero. Random noise values are created as single or replicate entries (duplicate to sextuplicate). The within-sample standard deviations are constrained to a desired mean value. Noise is generated to conform to a random Gaussian or empirical [our radioimmunoassay (RIA) for luteinizing (LH) or growth hormone (GH)] distribution (7) . In addition, in circumstances in which variance values are concentration dependent, noise can be created in accordance with one or more specified variance models, e.g., constant or dose-dependent coefficients of variation (5).
Creation of Combined Hormone Profiles
The calculated reconvolution curve (secretion convolved with clearance), base-line polynomial, and random experimental variance are combined algebraically to yield a synthetic time series comprising discrete values separated by the desired time increment between data points. Any resultant values that do not exceed a specified minimum data value ("assay sensitivity") are set to that minimum.
Representations of Simulated Hormone Profiles
The following individual synthetic time series can be created, analyzed further [e.g. for peaks by Cluster analy-E751 sis (Et)], and/or represented graphically: 1) secretory signal (noise-free secretory pulses without clearance); 2) convolved secretion and clearance profile (noise-free secretory pulses convolved with clearance); 3) base line; 4) noise; and 5) combined (final) discrete time series.
Experimental Studies
Hormone concentration time series were obtained experimentally by sampling blood at 3-to lo-min intervals as indicated for designated times up to 24 h in duration. Sampling studies were performed in healthy male volunteers or in proestrous rats. Sera were subjected to RIA to determine hormone (prolactin, GH, LH) concentrations (7) . In addition, one hypogonadotropic man was given three consecutive intravenous injections of 50 t 4 IU pure human LH (9) at Z-h intervals to validate the ability of the model to recover a known mass of injected hormone.
RESULTS

Experimental Corroboration
The behavior of the multiple-parameter convolution model on experimentally observed hormone concentration time series is illustrated in Fig. 1 . Here, observed 24-h hormone pulse profiles are compared with those defined by the multiple-parameter convolution model. Experimentally observed pulse profiles are shown for LH, GH, and cortisol. The continuous curves through the observed hormone data represent model-predicted fits ( Fig. 1, top) . The model-resolved secretion functions are given below the serum hormone concentration profiles ( Fig. 1, bottom) . For all three distinct hormones, the multiple-parameter convolution integral provided an excellent fit of the experimental observations (fitted variance <7% of mean hormone concentration).
These inferences support and extend our earlier report in which only brief hormone time series were evaluated (7) .
The ability of the multiple-parameter convolution model to correctly "recover" the dose of hormone injected was also tested by infusions of 50 t 4 IU pure human LH in a hypogonadotropic man. Three 2min injections were made at 2-h intervals. As shown in Fig. 2 , the continuous curve through the data represents the calculated reconvolution fit [assuming a 2-min secretory (injection) burst]. The resolved half-lives of LH disappearance agree well with those calculated after bolus injections in LH-deficient men (8) . Moreover, the calculated mass of LH injected was 55 t 4.4 IU based on a distribution volume of 3.2 liters measured earlier (8) .
The multiple-parameter convolution model was also tested on a spontaneous proestrous LH surge in the rat (Fig. 3) . We found that the experimentally observed rising LH concentrations in the proestrous rat could be modeled effectively by the multiple-parameter convolution integral. Note that the top continuous curve again represents the calculated reconvolution fit through the data. Moreover, this model revealed that punctuated secretory bursts of increasing non-zero amplitude are sufficient to account for the proestrous LH surge (discussed below).
Building Pulsatile Hormone Time Series
Based on the preceding conformance with experimental observations, the present model of episodic hormone release offers an explicit mathematical form with which to simulate quantitatively a range of physiological observations. The structure of this model is schematized in Fig. 4 . In particular, we have assumed here that fluctuations in plasma hormone concentrations over time result from the simultaneous operation of three families of parameters, 1) random finite bursts of glandular secretion convolved with mono-or biexponential clearance, 2) systematic base-line trends, which represent tonic or circadian contributions to circulating hormone concentrations; and 3) attendant random experimental variations inherent in the biological system and/or introduced by sample withdrawal, processing, and assay (noise). The generality and versatility of this new multiple-parameter convolution model should extend an important earlier report, in which synthetic "sawtooth" substrate or hormone-concentration time series were used for experimental testing of peak-detection methods (1). Figure 5 illustrates the creation of a synthetic discrete time series using multiple parameters of secretion, clearance, base line, and noise to model episodic adrenocorticotropic (ACTH) release. The algebraic assembly of these four families of functions creates an overall hormone pulse profile defined by explicit parameters, whose numerical values can be fixed or varied randomly. The use of finite and explicit parameters to quantitatively specify each aspect of secretion (secretory impulse amplitude, half-duration, and frequency), clearance, baseline drift, and random experimental variance offers several important experimental capabilities for the investigator: 1) to examine the influence(s) of alterations in one or more specific secretory and/or clearance parameters on plasma hormone concentration profiles (sensitivity analysis); 2) to test the behavior of available signaldetection methods and investigate the nature of interactions between specific secretory signals and distinct noise distributions, including noise created in accordance with particular variance models; and 3) to simulate the behavior of pulsatile hormone series and assess concordance expected by the chance coincidence of independently generated hormone peaks. Each of these applications is examined and discussed further below.
Influence of alterations in specific secretory and clearance properties on plasma hormone concentration profiles: parameter sensitivity analysis. As illustrated in Fig. 6A , plasma hormone concentration profiles are significantly but not necessarily linearly influenced by the amplitude, half-duration (standard deviation), and/or frequency of the underlying random secretory bursts. These simulations indicate that amplifying the secretory pulse amplitude (at a constant secretory pulse half-duration and frequency and at an invariant half-life of hormone removal) results in a corresponding linear (multiplicative) increase in the mean serum hormone concentration. Similarly, an isolated increase in secretion pulse standard deviation (or corresponding half-duration) results in a multiplicative increase in the mean serum hormone concentration. The model also predicts that mean plasma 2. Multiple-parameter deconvolution of an experimentally observed LH disappearance profile resulting from serial injections of exogenous LH in a hypogonadotropic man. An LH-deficient man underwent blood sampling at 15-min intervals before and after injection of 50 rt 4 IU pure human LH by serial 2-min bolus infusions at 2-h intervals. Continuous curve through observed (*SD) sample LH concentrations was calculated by multiple-parameter convolution model assuming 3 secretion bursts. Half-times of LH disappearance estimated in this manner agree well with those independently determined (8) . Mass of LH injected as estimated by deconvolution was 55 k 4.4 IU.
hormone concentrations are controlled in a linear manner by the half-time of hormone disappearance from the sampling compartment.
The latter inference is illustrated in Fig. 6B . However, a given n-fold change in secretory impulse frequency results in a greater than n-fold change in the mean serum hormone concentration (Fig. 6A) .
The influence(s) of secretory and/or clearance parameters were considered not just singly but also in combination. As summarized in Fig. 6A , we observed that clearance, secretory amplitude, and secretory duration interacted in a simple multiplicative manner. However, frequency changes resulted in disproportionately large alterations in output (hormone concentrations. This nonlinear interaction of the frequency parameter with other secretory parameters and/or with clearance was demonstrated when two, three, or all four parameters were allowed to vary simultaneously.
This unique effect of secretory pulse frequency on circulating hormone concentrations has not been recognized previously in the endocrine literature (6), since quantitative models of combined secretion and clearance have not been available.
The preceding observations demonstrate that by modifying specific secretory and/or clearance parameters in 3 . Multiple-parameter convolution modeling of an experimentally observed LH pulse profile in a proestrous rat. The multipleparameter convolution integral (& I) was used to model a physiological LH surge observed by RIA of blood sampled at 3-min intervals from a proestrous rat. Top, mean (&SD) sample LH concentrations over time. Continuous curve through observed data is a calculated reconvolution fit using multiple parameter model. Bottom, resolved secretion function, which consists of a series of LH secretory pulses. In this animal, preovulatory LH surge can be attributed to amplification of secretory pulse amplitude. In contrast, secretory burst half-duration (11 t 2 min), pulse frequency (interpulse interval 22 k 1 min), and estimated half-time of endogenous LH disappearance (18 t 2 min) did not change during the surge.
this pulse-simulation model, one can investigate the role of these individual parameters in controlling mean plasma hormone concentrations quantitatively. Moreover, such variations also influence pulse profiles quali-FIG. 1. Experimentally observed pulsatile profiles of luteinizing hormone (LH; A), growth hormone (GH; B), or cortisol (C) as assessed with the multiple-parameter convolution integral. Blood samples were withdrawn at 5-min intervals (LH and GH) or lo-min intervals (cortisol) for 24 h in each of 3 healthy men to provide observed endocrine pulse series. In the GH study, sampling was done in both fed and fasted states. Top subpanels, mean (+ range) sample hormone concentrations of replicates observed serially over time. Continuous curves through these observed data represent calculated convolution fits predicted by the multiple parameter model (Eq. 1). Bottom subpanels, resolved secretory bursts, whose amplitudes, durations, and temporal locations were defined with statistical confidence limits by nonlinear least-squares parameter estimation (METHODS) .
The calculated endogenous half-lives for LH (7.8 and 118 min in a 2-component model), GH (21 min), and cortisol(73 min) agree well with those determined independently in the literature. GH and cortisol series were provided by research groups led by Dr. M. 0. Thorner and Dr. A. Iranmanesh, respectively. 4. Schematic illustration of proposed multiple-parameter convolution modeling of pulsatile hormone time series. Schema indicates in summary formsequential process for building a simulated pulsatile hormone time series using a convolution of random secretory bursts with clearance (A). Combined secretion and clearance profile is superimposed on systematic base-line trends and perturbed by random experimental . noise (B). Final synthetic hormone time series (C ) results from algebraic summation of these constituents.
tatively. For example, as shown in Fig. 7 , a hypothesis suggested by the results of the above biophysical modeling is that the preovulatory LH surge is derived from isolated or combined changes in secretory impulse amplitude and/or frequency, which would result in progressive increases in plasma gonadotropin concentrations despite invariant endogenous clearance rates. Our simulation analyses reveal that amplitude amplification alone will yield a surge-like increase in model output, viz., a progressive rise in apparent serum LH concentrations (Fig.7A ) . Progressive increases in secretory pulse frequency result in an even more marked augmentation in hormone concentrations (Fig. 7B ). Most notable is the increase in LH output in response to combined amplitude and frequency modulation (Fig. 7C) . Such combined changes in secretory pulse frequency and amplitude also yield qualitative changes in the temporal profile of hormone concentrations.
Moreover, as shown above (Fig. 3) , at least one of these theoretical schemes for amplifying hormone output can be recognized in experimental data, i.e., in the proestrous rat secretory amplification (with no change in hormone clearance or in secretory pulse frequency or duration) will account for an observed LH surge.
Other applications of simulated hormone time series.
The generation of random secretory bursts convolved with metabolic clearance and perturbed by experimental variance permits one to investigate the behavior of various computerized peak detection and deconvolution methods with respect to false-positive and false-negative errors. In particular, the convolved secretion and clearance series, base line, and noise can be analyzed either individuallv or coniointlv after these functions are combined into an overall plasma hormone concentration profile. In this manner, one can investigate the individual effects of, and possible interactions among, signal, noise, and base line in contributing to statistical false-positive and false-negative errors associated with various peakdetection and deconvolution techniques. For example, simulations in Fig. 8 illustrate that relatively high falsepositive errors observed on signal-free noise can be damped in the presence of an underlying signal. Alternatively, if the secretory signal occurs only infrequently (e.g., in the case of spontaneous GH pulsatility), and plasma hormone concentrations fall to low levels during the intervening intervals, false-positive errors can result from the presence of noise operating in the absence of physiological signal.
The preceding concepts are developed in further detail in Fig. 9A . Here, simulation results indicate that increased peak-detection threshold stringency reduces false-positive errors but increases false-negative errors. In addition, increasing secretory pulse amplitude reduces false-negative errors (Fig. 9B) , as does decreasing secretory pulse frequency (longer interpulse intervals, Fig.  9C ). Conversely, prolonging hormone half-lives makes both false-negative and false-positi ve errors more likely for any given dete ction . threshold and secretory pulse --amplitude and frequency (Fig. 90 ). These observations indicate the power of modeling endocrine time series in an objective quantitative manner.
The generation of defined hormone time series that closely simulate the behavior of physiological data can also be used to address the difficult problem of specific peak concordance between two or more simultaneously collected pulsatile hormone series, e.g., contemporaneous LH and prolactin pulses. Although cross-correlation analyses and auto-regressive modeling have been used to assess simultaneous and lagged correlations between individual data points (5), virtually no information is available on expected rates of random concordance between discrete peaks of variable width and amplitude contained in two or more simultaneous hormone series with either similar or dissimilar intrinsic metabolic clearance rates. Figure 10 illustrates that two independently pulsating series exhibit significant random concordance. Our model-predicted random concordance rates were similar to those observed experimentally when hormone series from five randomly selected normal subjects were compared. Thus the present explicit and quantitative model of pulsatile hormone release will permit one to test further the influence of various metabolic clearance rates, peak configurations, and pulse frequencies on concordance between endocrinologically distinct but concurrent hormone series.
The generality of the present model also allows for experimentally controlled variations in the contour of the underlying secretory signal as well as in its amplitude, half-duration, and frequency. For example, non-Gaussian distributions of secretory rates can be used. Such distributions could be determined if endogenous clearance rates are known and/or if the instantaneous secretory profile for the hormone is quantitated (e.g., in cell perfusion systems). In addition, simulated variations in secretory contours will permit assessments of the impact ante rates can be employed to further examine the conof signal configuration on hormone profiles and on falsesistency and robustness ,of peak detection methods. negative and false-positive errors. Moreover, one or more classes of pulse generators may be introduced (e.g., lowand high-amplitude secretory impulses) that may be ity, in which finite bursts or enaocrme gfanaufar secretion are convolved with exponential clearance kinetics. The resultant combined continuous secretion and clearance profiles are superimposed on systematic base-line variations and/or perturbed by random experimental variance (Fig. 4) . We present the mathematical formulation and statistical basis of this model and test its applicability to experimental observations in the human and rat and examine its relevance to contemporary problems in endocrine pulse signal analysis.
Relevance and validity of the multiple-parameter convolution model are supported by several lines of independent experimental observations demonstrating that 1) available physiological knowledge of endocrine gland signaling is consistent with burst-like episodes of hormone secretion convolved with exponential clearance (reviewed in Refs. 1, [5] [6] [7] 13) , 2) model-calculated halflives of endogenous hormone disappearance agree with those determined earlier and/or independently (Fig. 1 and Refs. 2, 7, 10, ll) , 3) model-estimated endogenous hormone production rates are concordant with those calculated independently from exogenous infusions (Figs. 2 and 6, Refs. 2, 10, ll) , and 4) the multiple-parameter convolution model applies with minimal fitted variance to multiple distinct physiological endocrine time series (e.g., LH, GH, and cortisol secretion, as shown in Figs.  1 3) The generality of the model is indicated by the functional form of the convolution integral (Eqs. I-3), which permits the investigator to define both secretory (secretory pulse amplitude, duration, and frequency) and clearance (rate constants) parameters. Because of the well established statistical basis of nonlinear least-squares techniques for evaluating parameter values and their corresponding confidence limits (3,4), parameters which do not contribute significantly to enhancing a numerical description of the pulsatile endocrine time series can be eliminated.
This prevents over determination of model parameters. For example, we have observed that the coefficients of a putative base-line function for diurnal pulsatile cortisol release are not distinguishable from zero, indicating that no base-line variation needs to be postulated to account for circadian patterns of cortisol . Application of multiple-parameter convolution model to tests of false-positive and false-negative errors in discrete endocrine peak detection. Synthetic luteinizing hormone (LH) time series were created with a mean intrasample variance (noise) of +lO%, a very-low-amplitude secretory pulse of 0.15 mIU.ml-l.min-' (+33%), standard deviation of 4.5 min, and at a frequency of every 90 min (+33%), acted on by monoexponential clearance (tl/2 75 min), except where indicated otherwise in selected subpanels. Each series contained 289 samples generated in duplicate to correspond to a lo-min sampling interval. LH series were analyzed for discrete peaks using a deliberately rigorous 3-point test nadir, a 3-point test peak (Cluster analysis), and a t statistic of 3 for upstroke and downstroke, except where indicated differently. False-positive rate was defined as percentage of detected peaks that were spurious (i.e., peaks not present in synthetic series). False-negative rate was taken as ratio of number of true peaks missed to total number of true peaks present in data. Individual panels show how false-positive and false-negative rates are influenced by I) threshold stringency (t statistic for detecting peak upstroke or downstroke) (A), 2) secretory pulse amplitude (B), 3) secretory pulse frequency (C), and 4) half-time of hormone disappearance (D). Extreme conditions are chosen here for illustrative reasons only.
secretion. Rather, amplitude and frequency modulation strated here. In particular, to date it has not been possible of distinct secretory bursts will give rise to the full 24-h to test in the combined presence of known but realistic profile of cortisol release (Fig. 1) . This inference also signal and noise the false-negative and/or false-positive applied to patterns of LH and GH secretion.
error rates inherent in existing discrete peak-detection The applicability of the model to unresolved problems methods that are widely used in endocrine research physin the arena of endocrine pulse analysis is also demoniology (6). Earlier studies have been restricted to analyses convolution integral was used to create pairs of independent randomly pulsating hormone series with average pulse frequencies corresponding to a mean (+ % coefficient of variation) interpulse interval of 95 min (*45%). Series were generated as 145 duplicate samples to mimic a lo-min sampling interval, with a mean secretory burst amplitude of 0.6 mass units.ml-'. min-', a mean secretory burst half-duration of 15 min, and the presence of ltlO% intrasample variance (noise). Coincident peaks were defined as those with simultaneous maxima (lag of zero) or those with maxima occurring within 10 min (lag * 10 min) or 20 min (lag + 20 min) of each other. Random peak coincidence rates were then calculated for 2 independently and randomly generated pulse series as ratio of number of coincident peaks to mean number of peaks in 2 series. Experimental observations consisted of 5 separate spontaneous prolactin pulse series also exhibiting a mean interpulse interval of 95 min (245%) but obtained by sampling blood at lo-min intervals for 24 h. These physiological series were tested for coincidence with a 6th (randomly selected) subject's luteinizing hormone series. Note that coincidence rates between hormone series from randomly selected subjects fall into range predicted by simulation studies (n = 28 pairs of randomly pulsating hormone series).
of signal-free noise (12), which inadequately represents physiological circumstances. The present biophysical model allows investigators to test the impact of hormone clearance rates and specific secretory pulse properties (amplitude, duration, frequency, and contour) on mean hormone concentrations (model output) and also on the false-negative and false-positive behavior of available and prospective analytical tools. In the former regard, the present analyses of parameter sensitivity have revealed that certain secretory and/or clearance properties of pulsatile hormone release exhibit a linear relationship with plasma hormone concentrations, whereas others (e.g. hormone secretory pulse frequency) manifest a nonlinear supramultiplicative interaction.
In addition, we have found that false-positive and false-negative error rates are influenced in a demonstrable and predictable manner by secretory pulse amplitude and frequency, by the hormone's half-life, and by the stringency of the peak-detection thresholds. Finally, we have demonstrated that expected rates of random coincidence between independently pulsating hormone series can be estimated by Monte Carlo simulations. Accordingly, the new general, quantitative, and explicit formulation of hormone pulsatility presented, applied, and tested here should offer a useful additional analytical tool with which to probe the physiology of endocrine glandular signaling.
